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FOREWORD

This report was prepared by the Aerolab Development Company, Menrovia,
California, under Contract AF 29(601)-0248, The research was performed under
Program Element 6,54,02,21.4, ESP 921A-9087-02119~2119T462.

Inclusive dates of research were O:tober 1963 through November 1965. The
report was submitted 13 February 1966 by the Alr Force Special Weapons Center
Test Director, 1Lt Richard G. Grisham (SWISS).

This report has been reviewed and is approved.
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Test Director
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ABSTRACT

A development program was undertaken to provide an air sampling payload for
the Air-Launched, Air-Recoverable Rocket (ALARR) vehicle, The purpose of the
payload was to collect samples of particulate radioactive debris from tne
atmogsphere, The payload was to be capable of operating in narrow altitude
bands between 70,000 and 150,000 feet, be capable of fjltering the largest
volume of air possible through IPC 1478 filter paper, and be compatible with
the ALARR vehicle. Development included design, fabrication, ground testing
(including environmental, functional, and flow calibration testing), and
flight testing. This report contains the description of the payload, the
design analysis, and the results of the ground testing.
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SECTION I

INTRODUCTION

This report describes the analysis, design, and testing performed by
Aerolab Development Company in the development of a payload for ALARR
under Contract No. AF 29(601)-6248 for the Air Force Special We.pons Center
(AFSWC). The development began 28 October 1963.

Requirements of the payload were
4. Compatibility with the ALARR vehicle.

b. Weight of 135 + 5 pounds, with the center of gravity forward of
missile station 18.0 (for aerodynamic stability of the ALARR wvehicle).

c. Filtration of large volumes of air while moving in a relatively

flat trajectory through any altitude between 70,000 and 150,000 feet.

d. Filtration of the maximum possible volume flow of air, consistent

with other requirements.

e, ILase of disassembly and assembly, particularly of the filter

paper.

f. A smooth and highly polished internal finish to allow for

thorough decontamination.
g. Reusability with a2 minimum amount of time and effort.

h. Filter paper to be IPC 1478 and of maximum size, consistent with

proper aerodynamics and good design practices.

i, Capability to commence and terminate sampling upon receipt of a

signal from a pre-set timer in the recovery section of the ALARR vehicle.

j. Ability to sample at a maximum Mach number of 3.2 at aay
altitude between 70,000 and 150,000 feet,
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One paylosd was to be structurally tested to 150 percent of
maximum design conditions, including acceleration, shock, and vibra-
tion. Ope payload was to be functionally tested to ensure proper
electrical and mechanical operation. One payload was to be flow
tested in a wind tunnel to determine flow rate through the filter
for various altitudes and Mach numbers.

4
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SECTION II

CONFIGURATION

The general configuration of the payload is shown in Figure 1.

Details are showan in the drawings in the 63J1540C Data List, Payload
ALARR, Major items are:

a. Nose Tip Assembly

The nose tip assembly consists basically of a split
fiberglass tip held together with an explosive actuator. When
ignited, the actuator pushes the two halves of the tip apart and

away from the payload, The combustion gases are retained in the
actuator.

b. Outer Shell

The outer shell is basically an ogive fiberglass shell
with an ablative coating for thermal protection,

¢. Inlet Assembly

The mejor components of the inlet assembly are the inlet,
splitter plate, door, and door actuating and positioning mechanism.
The inside of the inlet is a straight cylinder. The splitter plate
divides the inlet into two ualves at the forward end. The door is
an extension of the splitter plate when in the cpen position. It
closes by rotating 90° and sealing agasinst the inlet by means of an
O-ring. A precoiled torsion spring provides the force to close the
door., The door is held open by an explosive bolt, which is ignited
to allcw the door to close. An edjustable bolt stops the door in the
closed position,

d. Basket Assembly

The basket assembly includes the filter paper basket con-

tained between two screen baskets.
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e. Band Assembly

The band assembly is basically a flat spring metal band
which is wrapped arc.nd the air outlet at the aft end of the outer
shell, It ic held in place by an explosive bolt that releases the
band when ignited. A piece of thin foll prevents the gases from

the bolt from entering the payload.

f. Aft Assembly

The aft assembly includes the ring for mounting on the ALARR
vehicle, the explosive squibs power supply {including batteries, heater,
and thermostat), and the sealing plate and its actuating mechanism. The
sealing plate closes off the air outlet by moving forward and sealing
against a gasket on the outer shell. A precompressed compression
spring provides the force to move and seal the plate., The plate is

held back by an explosive bolt which is ignited to allow the plate to
close.
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SECTION III

FLOW ANALYSIS ‘

1, Air Flow

Flow arcund and through the payload was analyzed by the following
methods:

a. Inlet

Flow into the inlet consists of a series of oblique shocks
off the splitter plate, inlet, and door. Rigorous analysis is not
possible, but it is known that the pressure recovery is grester than
for a normal shock. The pressure recovery was conservatively assumed
to be that across & normal shock. Flow on the exterior of the inlet
would be an oblique shock off the inlet lip.

b, Outer Shell

Flow around the outer shell was analyzed as & two-dimensicnal
Prandtl-Meyer expansion to the flow éﬁtlet at the aft exnd. The actual
expansion is three dimensional; therefore, the aft pressure would be
lower than that consegzatively calculated.

c. Outlet

Flow at the ovtlet was analyzed by an approximate method
developed for analysis of secondary injection for thrust vector con-
trol., Experiments showed that the approximation gave higher injection

ressures than actual; therefore, the analysis is again conservative.

d., Fiiter

Flow through the filter was determined from the calibration

curve developed by the Institute of Paper Chemistry. Figure 2 and

e o e
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table 1 show the details of the calculation method. The calculations
were performed on a computer, and the results were (1) weight flow
rate intercepted by the inlet, (2) maximum weight flow rate that can
be passed through the filter basket (assuming attached shock at inlet),
and (3) ratio of filter to irlercepted weight flow rates (or flow
intake efficiency). These were determined as functions of altitude and
Mach number. The results are plotted in figures 3, 4, and 5. Thus,
for any given trajectory the weight flow rate can be integrated along
the trajectory to find the total weight of air sampled. By using the
flow intake efficiency curve, the total volume flow can bu similarly
found,

The filter flow rate is a maximum; therefore, when it is
greater than the inlet flow rate, the actual flow rate is that inter-
cepted by the inlet. When the filter flow rate is less than the inlet
flow rate, spillage will occur and the shock will become detached.
Rigorous flow analysis is virtually impossible under this condition;
therefore, the analysis for the attached shock is used. for this
condition also. The flow rate ratio then represents the fraction of
the intercepted air that is "swallowed," and the remainder represents

that which is "spilled.”

The entire analysis is not completely rigorous, but is all that
is possible and/or justified for such a complex configuration., Final
flow characteristics must be determined by tests of the payload.

2. Inlet

i

Inlet diameter 5,973 inches (Ref: Dwg 53J15422)

2
Inlet area = %{"“"“5 ]'373)

0.1946 £t
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3 . Basket

Figure 6 shows the geometry and dimensions of the basket.

Screen: Wire diameter 0,017, 0,125 spacing both ways.
Expanded metal: 3/4" - No. 16 flattened.
Rods: 1.87 diameter, 1,00 spacing one way.

(Reference Dwg 63D15440 and subassemblies)

a, Basket Area

% (11.62)° + n{12‘53 ; 11-62) 9.15 = 306.0

+347.0 = 453.0 in®

Screen open area = (é'123.122‘017)2 = 0,746

Expanded metal open area (3/4" - No. 16 flattened) = G,73
(Reference 30) )

Rods open area 1,000 0.813 .
Cylinder area = (347.0)(0.746)(0.73) = 189.C

Bottom area = (106.0) (0,746) (0.73)(0.813) = 47.0

—

Total 236.0 in?

1,640 £t2

= AZ

Aversge open area = %%%‘g = 0.521

i ol r W 4w
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TABLE I

FLOW CALCULATION METHOD

VARIABLE SOURCE
Ml Givzn
M, M, @ (19°30") (Ref 26, page 7-32, 7-33)
v, M - (Ref 5, table II)
vy v, (92 - 91} = v, + 0.32409
M3 Vs (Ref 5, table II)

In all cases between 70,000 £t and 150,000 £t and Mach 1.5 to 3.2,
M3 2 Ml' This is not physically possible; therefore, it is due to
mixing two and three dimensional analysis. Maximum possible value of
M3 is Ml; therefore, assume M3 = Ml ir all cases. Accordingly, P3

PlQ

hl‘

PI[* r3]

B/%

Given

hy (Ref 6, tuble IIA)

n3{,u1) (Ref 27, figure 17)

(22/23)(71)

M, (Ref 5, table II, ?1/Pt2)
(Assume full stagnation because
of 8.4:1 area ratio)

Pll(PllPs)

L (Ref 6, table IIA)

M ) (Ref 5, table II, T/Tt]

{Assume full stagration because
of 8.431 area ratioc)

14
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PABLE I (Cont'd)

. FLOW CALCULATION METHOD

. Ao AW T A WY S s B

VARIABLE SOURCE
T, Tl(Tl/TS}
o Pg/RT; (R = 53.3 £t 1b /1t°R) Perfect Gas Law
P, P,/RT5 (R = 53.3 £t 1b /16°R) Perfect Gas Law
(TS used per reference 27, page 44] 1]
g (94 + ps}/(2) (0,0765)  (Ref 28, page 44)
A _ ’
P Ps - P,
i Ty (Ref 29, page 1-69, 1-70)
' 10.3737 x 107° (Ref 28, page 44)
* VA & AP/? (Ref 28, nage 172)
Wy {(oV/w) (w) (0.0765) EAI}
Vg hy (Ref 6, table IIC)
M (v
! ) s)
Py hy (Ref 6, table IIA)
W ( .
2 (V1)(ea)(24)
i+ = Mach number
v = Frandil-Meyer sngle - red.
k= altitude -~ feet
= pressure - lb ,/f't2
T = temperature - °r
p = density - 1b/ft°

15
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B = viscosity - 1b sec/ft"
Wy = weight flow through filter - lb/sec

W, = weight flow intercepted by inlet - 1b/sec

A, = filter area = 0.1946 ft’

e
1

5 inlet area = 1,640 ft2

V = average velccity through filter - ft/sec

® = cone half angle at inlet = 19°30' = 0.34034 rad.
92 = cone half angle at outlet = (,01625 rad.

Vg = velocity of sound - ft/sec #

Lo Stability

Theoretically, the optimum inlet configuration is one in which there
is reduction in flow area (contraction) to slow the flow to Mach 1, a
throat in which a normel shock occu:s, and then an expansion (de Laval
nozzle). In actual practice, the contraction must be less than theoreti-
cal to provide sufficient pressure ratio for starting the flow through
the inlet. The leading edge causes oblique shocks; therefore, the change
to subsonic flow is through a series of oblique shocks. The locaticn
of these shocks will remein fixed only under very steady conditions cf
pressure, etc, To assure flow stability, the inlet is designed to allow
the shocks to move without spilling the flow out around the inlet. This
is achieved by providing a contraction and then a coastant area section.
The shocks can move back and forth within the constant area section with-
cut causing flow instability. An empirical rule of thumb is that a
minimum of two diameters of constant area section, as provided in the

present design, will provide flow stability.

5. Farticle Flow

If the shock is swallowed in the inlet, the particle concentration

in the air entering the inlet is the same as the concentration in the

16
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ambient air. I there is spillage around the jnlet (detached shock),
there is a possibility that some of the particles in the spilled air
will not follow the air and will enter the inlet. This occurs even
more in supersonic than subsonic flow because the particles, being
incompressible, do nct lose their velocity across the shock. The
heavier particles, of course, have more inertia and tend to enter the
inlet even if the gas they were originally in is deflected around the
inlet, Figure 7 shows the flow geometry at the inlet.

Calculation of the particle trajectories is very complex and is
a function of altitude, Mach mumber, shock location (which can be

approxinated, knowing the flow through the payload), and particle density

and size. (The tasic equations for calculating particle trajectories
2an be found in references 24 and 25.)

These calculations have been done for a similar case in reference
25, Figure 11 of reference 25 has Leen redrawn (with dashed-line
extrapolations) as figure 8; it shows NI’ fraction of particles impacted

(entering the inlet), versus a pargicle size parameter, ND'

1/2
= 1oV
No (ISuD} d

p, d, and V are the particle density, diameter, and velocity, respectively.
j is the gas viscosity in back of the shock. D is the channel height in

figure 6; an equivalent height is used in the present case as shown in !

the following calculations.

a = flow intake efficiency

= patio of air isken into air intercepted

k&

2 2
o = Do i
D.2 b2 '

i i

]
~ o
()

~1a
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D = diameter of core of air taken in
Di = inlet diameter = 0,498 ft

D = equivalent channel 1 height

D, = WAD,)

D, = D, -D = D - \/a.DEi = Di(l—\fia')
D v ﬁc v Diil - a)
N

—
ND vl-—Va

=2
]

D particle size parameter when a = o (10C% spillage).

Fraction of total particles intercepted that are taken in
from spilled air = NI'(l - a).

Fraction of total particles intercepted that are taken in
from ajr taken in = a,.

Fraction of total particles intercepted that are taken in
= NI'(l - a) + a8,

Table II shows these flow parameters for the two bounding trajectories.

Figure 8 ccrresponds to 100 percent spillage. First, plot N_ versus the

I
particle parameters (p and D) for various flow conditions with 100 percent
spillage (a = o)(figure 9). Second, plot NI versus a (figure 10)., The
procedure is to find NI for a = o from figure 9, and then find NI for actual

a from figure 10. a is found from flow calibration data.

20
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"~
™
¢
-t 4 N NOSLTTHHLFTTANOLVODNMNMANO ON W N FTOOODOVAWVTOONOLUANANODOD OO O
N 35794689578?’679978998999899099909900
'I e e e e e 8 3 e 9 & e * e ¢ o e »
s COO0CO0C0O00000000000C00000OCHOOOM OO M
©
NN O TN T T D
A VNN QONINTAOOD NG T XS N
2 | ZEAASRNARRSASARRAISASARASARSRRAARNASR
- * ¢ e o
N R N R O ol N Y R R B e e R e N o R = = PN PPN
o
CNHODOONOMMINA T INY O
| 589389389788 482850839255885883584388
& @ 9 @ o 8 & @ 9 O e 9 © 2 =
R o - -
HONMMANMMOIANNONN TN 1NN o n
Bl Al AR N e N MO RO OHOOHRHDYINWONNAINEISNO®
(=] HNNTOHNTONITIINOINNONKI ANKOIAHOROMANO MOT TN
N .‘..0......'......‘....‘.....’...‘..
S S 000000 HOOOMOOmMHOHHddHHaHMHN®M
w® a3 O =T O
=858
L} ¢« @ e o QE“w
- cooco
« 01N
n O N O
NN~ : aweg
] e o o a
- cococo
803
_Mv IORS aueg
e = e °
ccoe

[~}

246824682468246824682468246824682468

L4 L ¢ e e o o o 3 +« ® ® *» & = b o * ° e . .

log) - ™~ Gt < wn 0 ~ © )
- . * . LY M . . [ *
o o (= o o o o o o
=) A 3 = 3 N ~ 3 S e~
= 4 o~ o~ o Ky N w o0 o
. . * . . . * - -
= (= o o = o ) o i

24




s g

AFSWC TR-65-6

For example,. determine collection efficiency of l-micron diameter

strentium particles intercepted at 70,000 feet and Mach 2.18,

d = 1 micron = 3,281 x 10—6 feet
. i
p = 162.2 1b/ft”
1 1
dp? = 4.18 x 1077 (ft)(lb/ft3]§

Speed of sound at 70,000 feet = 968 fi/sec

Velocity = (2.18)(968) = 2,110 ft/sec

Enter figure 9 at dp T 418 x 1072

Move up until 2,110 ft/sec curve intersected (by interpolation

between 2,000 and 4,000 ft/sec). Move to left and read NI = 0,05, From
figure 17 on page 59 at Mach 2.18 and 70,000 feet, flow intake efficiency
= 0.70. Enter figure 10 on bottom at flow intake efficiepcy = G.70.

Move up intil NI = 0.05 curve intersected (interpolate beéween NI = 0.0
and 0.1). Move left and read particle collection efficiency = 0.75.

This means that at 70,000 feet and Mach 2,18, 0.70 of the air intercepted
(and the particles in that air) is sampled. Of the 0.30 of the air inter-
cepted that spills, an additional 0.05 of the total l-micron strontium

particles intercepted are not spilled and are also sampled.

25
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SECTION IV

FUNCTIONAL ANALYSIS

All mechanical and electrical systems that are required to
operate during the flight were analyzed to determine that they
would function properly.

a. Nose Tip Actuation

Figure 11 shows the geometry of ome-half of the ejec .able
nose tip. The most severe condition for ejection encountered on a

nominal trajectory are:
titude = 69,900 £t

Dynsmic pressure (q) = 744 lb/'ft2
which occurs 20 seconds ai'ter lannch and at Mach 3.35 (Ref 10).

]

D CpAg = (drag coefficient)(area)

(dynamic pressure)

Cp, = .84 (reference 9, page 121)

_ n(6.8042 1 _ 2
A = 4{———12] > = 0.1260 £t
D = (0.84) (0.1260) (744) = 78.8 1b
[
a3
C = 2.00 maximm*for blunt bodies (reference 20,
Dy pages 213-2243,
A = 0.1482 £t (veference Dwg 63D15411)
D2 = (2.00)(0.1482)(744) = 220.5 1b

Assume pivoting around corver

F = (78.8 0) + (220,5)(2,156
1.750

26
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per half
—e] '-— 34 in.
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AFSWC TR-65-6

267.9 + 475.4 _ 743,3
1.750 - 1,750

424.7 1b
800 + 200 1b minimum (specified)

it

F available

il

2,680 1b (measured)

. . _ 600 —
Minimum S.F. = 252:7 = 1,41

For a 3.40-inch stroke:
Energy required = (424.7)(3.400) = 1,444 in-1b
Energy available = 4,000 in-lb/min (specifiesd)

4,020 in-1b (measured)

i

= 4000 _
SoFu 1’444 2'

Assume no pressure equalization:

AP across Lip = 14.7 psi = 2,118 psf

F = (aP){a) = (2,138)(0,1260) = 267 1b
- 600 -, e
SCF. - 267 2 2

2
Velocity of halves: Temporarily neglect CDZAb ﬂg—. Assume radial

motion of half and 3.4 inches of travel until clear of payload.

Energy absorbed = (220.5)(3.4) = 750 in-lb

Net energy = 2,000 - 750 = 1,250 iz~1b
= 104.2 £t-1b
= 1y
2g
1{ 2.5} .2
104.2 = 5 [3375} v

28
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vV = 2,682
. v = 51,5 ft/sec
V2

o = 1.40 x 107% 1b sec>/ft* (reference 6)
2 -4
c eV = (2.00)(0.1482)(1~40 x 10 }(2,6821

+ 0,0556 1b, which is negligible
b. Band Release

63015461 Band
1 M2
Energy = 3R 9% (Ref 19, page 190)
> M = EL (Ref 3, page 122)
20 (or )2
: I 1
Energy = / (—';} 3BT dx
= E:’[‘Z x| 2T
2r °
- ITEL
T r
} I = 2113—
12
i _(21.21)(0.030)°
] - 12
i = 4.98 x 10°®
6 -6
n L O
. Energy = (i )(30 x 10 ).51’; 98 x 1 )
= 55,7 in-1b = 4.64 £t-1b
4
29
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Weight = (2m)(8.43)(2.22)(0.030)(0.286) )
= 1.005 1b )
_ 1{1.005) .2
4.4 = 2{—§§j§J v |
Vo= 297.6

V = 17.24 ft/sec

This is the average velocity of the band as it leaves the payload.

¢. Door Closure

63C15429 spiral torsion spring provides closing force.

3
% = Tj%%}l- (Ref 2, page 4-8)

o (m 30 x 109) (1.5) (0,0720)° )
= (6) (130)

67.8 in-lb/rev

- M
N = Za

60 _
row S 0.884 rev

(67.8) (N)

=
1

(67.8) (0,884 + 2.50)

n

76.9 in~1b
d. Aft Plate Closure

The 63015486 helical compression spring provides closing and
sealing force.

30
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88 G g*

Sealing force F = g PN (Ref 2, page 20)

B = 3045 - 5.45 = 25.00
G = 11.5 x 106 (Ref 2, page 11)
p o (25.00 115 x 109 0.34%)
: (8) (16.032)3(3.5)
= 34.5 1b

Spring weight Vi (N)(ﬂD)[%-dz] 0

tH

(4.5)(n)(16.032)[g)(o.sas)z(o.zse)
6.0 1b

-~
It

Net force = F -W = 34,5 - 6,0 = 28.5

A% = 30,45 - 2,62 = 27.83

(27.83) {115 x 108) (0,343)"
(8) (16.032)3(3.5) = 38,4 1b

-

] F

N

e. Electrical System

Battery voltage = 4.5V (Eagle-Picher 485R Silver-
Zinc "A" cells)

ot

Bolt squibs = 0.18 + 0.03 ohm (Holex Series 250
Explosive Bolts)

N T W RN sl AR g+ N

Nose tip squibs = 1.00 + 0,30 ohm each, 4 in. parallel
(Hercules Mark 1, Mod 0 Detonators)

e = 4.5 - +5,0
Bolt squib current I8+ 003 + 0,03 2'5‘0—3.6 amps.

All fire current = 2.0 amps (Ref 21)

Min SF = 2%&3 = 10.7

ot . lasaniy
e v
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Nominal firing time = 0.17 millisecond (Ref 21)
L]

Fuse firing time (Littelfuse 314003) = 23 millisecond
(Ref 22, page 31)

4.5

Nose tip squib current 1?55_575735

4,50 *%~gz amps per squib

All fire current = 1,50 amps (Ref 31)

Min SF = -2:46 = 5.3
e L0 | 23

Nominal firing time < 0,0007 seconds (Ref 31)
Current for 4 squibs = (4)(4.50) = 18.0 amps
Fuse firing time = 0,4 seconds (Ref 22, page 31)
400 milliseconds

Maximum battery current = 25.0 amps
Discharge time = 1.7 mimites (Ref 23, page 14-2)
Battery nominel capacity = 35 amp-min. (ibid)

Maximum allowable current = 40 amps for 1 min.
discharge time (ibid)

32
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SECTION V

STRESS ANALYSIS

Stresses were analyzed in all parts subjected to any significant
loading from aerodynsmic forces; rocket acceleration, shock, and
vibration; aircraft acceleration; parachute opening shock; snatch
acceleration and shock; and unequalized pressures. The worst con-
ditions of combined loading were considered. The minimum yield safety
factor and ultimate safety factor were over 1.50.

a. Aerodynamic Loads

Lift:

Flight maximum

L 435 1b (Ref 16)

cP Sta 20.95 (ibid)

Drag:

Flight maximum (same conditions as 1ift)

Cy (ogive) = 0,106 (Ref 8, page 236)
C (sphere) = 0,88 (Ref 9, page 121)
(based on sphere radian)
2
= 2.59
Cy (sphere) = 0.88 (8.675)

= 0.078, baged on ogive radius

Total CD = 0,106 + 0,078 = 0.184

(Ref 16)

o
"
e~
[t

= (0.184)(7,000)(1,.642)
= 2,114 1b




AFSKC TR-65-6

b. Design Loads

Table III summarizes the design loads.

The maximum forward

and side loads are caused by motor burn; the maximum aft load, by

parachute deployment.

TABLE III

DESIGN LOADS

FORWARD AFT SIDE
ITEM g 1b g 1b 1b
Acceleration 100 13,500 40 5,400 675
Shock 100 13,500 50 6,750 2,160
Vibration 16 2,160 16 2,160 1,215
Maximm 100 113,500 50 {6,750 2,160
Max. Combined 100 13,500 16 2,160 1,215

c. Outer Shell

(1) Bending & Axial

Sy

M

M

= M

Z

i

1

F =
A

S. +
1

1]

1,215 (Sta 18.00) max. combined

2,160 (Sta 18.00) mex. individual

13,500 may. combired or individual

A

Sy

Teble IV summarizes these quantities.

USF = 05000 @ 500°F (Ref 11)
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TABLE IV

BENDING & .XIAL STRESSES

STA RAD T Z M s,
23,00 8.20 0.030 16.85 12,150 722 (combined)
21,600 1,285 (individual)
35.26 8.58 0.125 28.71 20,970 731 (combined)
37,300 1,300 (individual)
STA A S, S nax USF
28,00 4,123 3,270 3,992 7.52 (combined)
3,270 3,270 9,18 (individual)
35.26 6.74 2,000 2,731 11.0 (combined)
2,000 2,000 15.0 (individual)

(NOTE: YS no

temperature (

(2)

t definable. Proportional limit s 50 - €0% of US at room

reference 13, page 9).

Buckling due to Column Loading

Assume 120 1b of payload weight on shell.

F = WX = (120)(300) = 12,000

Buckling S = Kc[ﬁ + E L (reference 13; page 137)

fa fB] r

F
2nrt

_ F _
s = 3 =

Bickling F = 2Ky (Eg, + Egg)t?

- _ 6 0w
Eﬁx.' EfB = 2 x 10° @ 500°F (reference 1l)

Kg = 0.12 (reference 13, page 138)
Buckling F = (2)(m(0.12) {4 x 10%) (0.080)2

SF = 19,300 = 1,61 (NOTE: Stiffening effect of inlet
12,000 and stiffeners are not considered.)
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d. Outer Stiffener

(1)

cylinder.

Bending & Axial Loads

Compression = 100 g x 120 1b = 12,000 1lb
M = 1,215 (Station 18.00) max. combined
M = 2,160 (Station 18.00) max. individual
. M
59 3
82 = % - ngQQQ maximum combined or individual
S = Sl + 82

Station 32.210 - 8.40 rad.

Consider eight 0,063 x 1,000 stiffeners as a uniform

N
i

Pt o= (2 rt){-;;] = (A){:E-]

[(8)(0.063)(1.000)] -8—'339

(0.504) (4.200)
2.116

17,265 (combined)
30,700 (individual)

17,265 _ . - 30,700
e = 8,159 (combined) 8 =56
12,000 _

To.s04 = 23,809

31,5968 (combined)

38,318 (max. individual)

36
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64,000
ISF = 33-:-3—1—5 = 1.67 (Ref 14, 3.2, 7.0)
(
USF —-'——;g’ggg- = 1,98 (ibid)

(NOTE: Stiffener assumed to take all load at this station. Strength
of outer shell neglected.)

(2) Buckling

- éﬂzEI (Ref 3, page 294)
cr 2
L
E = 10.5x 106 (Ref 14, 3.2, 7.0b)
3
_ (1(0.063)° _ -5
I 55 = 2.08 x 10
o = W (Ao x109(2.08 x 107%) :
er (2.00)?
= 2,155
_ P _ 2155  _
= = el te—— A
Ser 4 ((0.063 34,206

s o= X0 o 5 03

(NOTE: Stiffener assumed to take all load at this station. Strength
of outer shell negiscted.)
e. Attachment of
63315471, Outer Shell
63D15481, Aft Ring
1154G82P8, long-Lok Screw

Screw transmit bending moment; forward load transmitted

directly. Figure 12 shows the dimensions of the screws.

3
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0.327
0.084 l”' ——- 0.068

0.125

“"l = 0.163

0.2006 min., —k

0.0383 ‘lﬁ N I 0.0483
\ !

gt — 0,124

Figare 12, SCREW DIMENSIONS
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AFSWC TR-65-6

Station 35.622, 17.080 dia. (63D15481)
M = 2,160 (Sta 18.00) naximum
= 2,160 (35.622 ~ 18,00)
= 38,100
8.100 5 = 166.0 1b/in. of cire,
(17.080)

1R

s = n(17,080) _

30 = 1.789 in, of circ./screw
F o= {106.0)(1.789) = 297.2 1b/screw

#8-32 at minor dia, A = % (0.125)2 = 0,01227

_ 27,2 son
Sg T 0.01227 T 24,
vsp = 49,000 _ . (Ref 14, 2.2, 3.0)
24,200 - A02

(Figure 12 shows the dimensions of the screws,)

Bearing on ocuter shell:
A = (0,163)(0.125} + (0.084%)(0,068)
= 0.02037 + 0,00571
= 0.02608

297.2 -,
= D.02608 - 11420

30,000 - . 0
450 2.62 @ 500°F (Ref 11)

UsSF

ol LT
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f. Attachment of

63315471, Outsr Shell

63C15472, Stiffener (8)

MS20427M4~4, Rivet (95)

MS20427M4-5 (56)

5481C and 5441, Fiber-~Resin Adhesive

Rivets and adhesive transmit bending moment; forward load
transmitted directly.

Station 32,65G, 8.46 rad,

M 2,160 (Sta 18.00) maximum

2,160 (32.650 - 18.00)
= 31,630

"
=i

= 2(8.46)% + 4 [(0.707) (8.46) %
= 143.1 + 143.1 = 286.2
_mR . (31.630)(8.6) _
F = i/ T = 936 1b/stiffener

Consider only three rivets at Station 32.65 = (3)%(0.124)2
(49,000) = 1,185 1b min before driving (reference MS20427).

Adhesive = (0.4)(1,20)(2,000) = 800 lb (reference 15)
Total = 1,185 + 800 = 1,985

USF = iaggi = 2,12

ﬁ Rivets bearing on shell:

1/4(0.324)%(49,000) _ 186 1b/rivet
2.12

T e

Vg o A4
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>
]

(C,124)(0,08) + (0.0383)(0.04483)

0.0099% + 0.00185
0.01178

- 186
0.01178

2]
[

15,800

15,800 (reference 11)
3

Attachment of

63315471, Outer Shell

63015472, Stiffener (8)
MS20427M2~4, Rivet (112)

541C and 5441, Fiber-Resin Adhesive

Bearing on shell plus compression of shell at stiffeners.

A

n

(0.045 + 0.050) (1) (8)
= {0.095)(1)(8)

= 0,760
F = 12,000

i2,000

n
1]
n

15,800

FS
o
o
o
It

1.90 @ 500°F ference 11
15,800 == (reference 11)

1

USF

Attachment of

63315471, Outer Shell (1)

63315420, Inlet Assembly (2)
LL54D62P12, Long-Lok Screw (16 ea) (3)
LL14G02P5, Long-Lok Screw (16 ea) (4)

(Figure 13 shows the attachment geometry.)
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Long-Lok Screw

Inlet Assembly

Long-lok Screw
2
Outer Shell
63C15472
Stiffener (Ref)
0.375 min,
i .

0,093 _on

‘I‘ L_ LO.OBO
0.189

Fimare 13, ATTACHMENT GEOMETRY
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0,189 (0.080) + (0,093)(0.080)

=
1l

A = 0,01513 + 0,00744

A = 0.02257
F = WX = 120 (50) = 6,000
= £ - 5,000
S = W T Te(0.02mm- 16,614
_ 30,000 _ 0 .
USF = .61, - 1.80 @ 500°F (reference 11)

Tension load in inlet assembly mounting screvs.
F = WX = 120 (50) = 6,000
Ultimate load per screw = 790 lb

usF = 1006 - 4 - :

6,000

i, Band

kt‘.‘l

(reference 3, page 121)

.37 (Ref 63315471, Outer Shell)

6
-~ 0 x 10
& Jé_féTEETI (Ref 2, page 10)

71,600 psi

©
i
xR o

2]
i

120,000
71,600

e
[¢)]
xj
il
‘—’
o
P
[
o
e
Q.
e

160,000 _
71,600

|
Eg
~~
[
o’
|
Q.
S’

USF
j» Spiral Tersion Spring

s = 84 (Ref 2, page 4
B bh‘. Al 7 & g~

B
Lo
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YSF

USF

e e

TN MR DI S A o Te h (ymney

NeRe e e

(6) (80)
(1.47)(0.0720)

63,000 psi

125,000
63,000

2

160,000
63,000

é

k. Helical Compression Spring

S
s

YSF

USF

8FD
g’

gszgsozgle.gggl

7(0.343)
50,500 psi

1.02 + ,02
1.03

KS
s

(1.03)(50,500)
52,000

80,000
—dr -
52,000 ~ Le24

115,000 _
52,000 - 2.2l

(Ref 2, page 10)

(ibid)

(Ref 1, page 11-02)

(Ref 1, page 11-03)

(ibid)

(ibid)

(Ref 2, page 11)

(ibid)
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1,

me.

Channel

g Loads: DBending due to plate, spring, channel.

F = W¢ = (20){100)

= 2,000

Consider es buili~in beam with center load,

F1
8

i

M

_ (2,000)(15,380)
8

= 3,845

zZ = 1.38

S ]l

ISF =

1]
[
=

fo

USF = 36,000 _
Attachment of

N

-

2

[0.0)

(03}
i
ot
3

63D15482, Channel
63D15481, Aft Ring

(Ref 17, page 108)

(Ref 18, page 222)

(Ref 14, 3.2, 6.9)

(ibid)

MS16997-24, Sch Cap Screw 6-32 (2)
MS16998-31, Sch Cap Screw 10-32 (4)

g Loads: Shear due to plate, spring, and channel,

F = Wt = (20)(100)

45

= 2,000
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A= (2) [%](0.0997)% (4)[%]:(0.1517)2

= 0.01562 + 0,0723

= 0.08792

_ F __2,000 _ ,
5 = % TT.ospz T R4 '
Min UTS = 160,000 (Ref MS16997 and MS16998)

Assume min UYS 2 1/2 mir UTS = 80,000

80,000 =
= =ae = 3,51
USF 22,747 2222

n. Inner Screen

Side g Load: Consider as a cantilever beam 9.66 in. long.

Measured weight = 6 1lb

Cylinder area = [7(12.54) + 0.13][9.41 + 0,25]

= 1382 in2
Plate area = % (12.54)2
= 123.5 in®
82 83) + (1241
oG & 382 + 123.5
L L845 + 1,19
505.5
- 3,037 _
.505.5 6,01 in,
For 16 g:

M = (16)(6)(6.01)

46

(39.40 + 0.13)(0.66)
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= 577 in 1lb

AD

Z X %

Number of wires =

. (

D8
™){12.54)(8) = 315

Wire area = % (0.017)2 = 0.000227

A = (315)(0.000227) = 0.0716
5 = £0.0716)(12.54)
= 4

= 0.2044
M o_ o s11
S =2 % oo - 282
¥sF = 22000 - ., o (Ref 14, 2.2, 3.0)
2,822 . 4.6
75,000 _
USF = 8m - 26,6 (ibid)
Axial g Load:
F = Wt = (6)(100)
= 600 1b
A =0.0716
_F _ _600 _
S =% T oorie - 837
_ 30,000 _ , A
WP = 438 = 3.8 (Bef 14, 2.2, 3.0)
_ 25,000 _ L
USF = *51375 8,9 (ibid)

bt . srmmam <~ <




AFIWC TR~65-6

¢. Outer Screen

Side and axial g loads. Dimensions are approximately the
same as for 63D15442 inner screen. Therefore, safety factors will
be approximately the same. Min SF was 3.58 on ¥S and 8,9 on US.

p. Pressure Equalization in Flight

From ground to launch elevation (35,000 ft), the pressure
is equalized through various joints in the payload because of time
available during aircraft flignt. After rocket launch, assume no

equalization and zero -pressure outside.

At 35,000 feet

P 499.3 psf (Ref 6, page 79)

3.47 psi
# (1) Outer Shell (63715471)

f s = i’% (Ref 17, page 268)

¥ _ £3.47)(8.20
= 0.08

vt o
]

355

( USF = 395%%—9 @ 500°F (Ref 11)

84s3

e
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SECTION VI

WEIGHT & CG ANALYSIS

Requirements were a weight of 135 + 5 pounds, with the center
of gravity forward of missile station 18,0, Initislly, approximate
weights and CG's were calculated and appeared to mest the require-
ments. As parts were fabricated, actual weights and CG's were
determined. The inlet weight was reduced slightly to ensure com-
pliance with the requirements. Final determination of weight and
CG of the payload was by-actusl-measurement and not by calculation.
The weight was found to be 136.4 pounds, with the center of gravity
at mission station 18.0 on the first complete payload. Since all

payloads are essentially identical, sll will meet the requirements.
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SECTION VII.

ENVIRONMENTAL TESTING

Environmental testing consisted of longitudinal and lateral
load testing of a payload. An axial compression test was performed
by Aerclab Development Company; the rest of the tesis were performed
by the AFSWC. -

a. Axial Compression

Prior to final testing at the AFSWC, a preliminary test was
performed at Aerolab Development Company to ensure the payloud would
pass the forward acceleration and shock tests., These were the two
most severe load tests. The major effect on the payload of forward
acceleration is to cause the heavy inlet assembly (102 pounds) to
come loose from the outer shell and move aft. Axial compression
between the forward end of the inlet and the aft end of the outer
shell would produce the same effect. Therefore, an axial compression
test was performed using a hydraulic press to apply the load. Load
was measured by a pressure gage on the press., Deflection of the
payload was measured with dial indicators. The load was applied and
removed in about 500-pound increments and readings taken at each
increment. The equivalent g loading was calculated by dividing the
load by the inlet assembly weight (102 pounds). Results are plotted
in figure l4. The straight-line relationship between load and deflec-
tion up to the maximum load of 145 g indicates no permanent deformation
(yielding) of the payload, Deviations of individual points frem the
line are within the limits of error in readings of loaé and deflection.
The relationship between load and deflection upon removal of the lcad
indicates hysteresis in the system. Settling of perts of the load-
applying and deflection-measuring setups, rather than the paylesd iteelf,
probably accounted for much of the hysteresis.,
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b. Shock

The payloa: was subjected to a forward square-wave shock of

52 g for 11 milliseconds and showed no signs of damage.

c. Vibration

The payload was subjected to longitudinal and then lateral
simisoidal vibration by an electromechanical shake. Longitudinal
vibration was from 20 to 2,00{, and then back to 20 cycles per second,
From 20 to 100 cps, double amplitude was 0.0l inch. Prom 100 to 2,000
cps, the intensity was 9 g. As the frequency returned to 20 cps, the
nose tip assembly appeared to be loose., Examination indicated one of
the retainers holding the tip to the inlet had slipped off the edge
of the slot in the inlet, The retainer was found to have been
improperly installed.‘ It was then properly installed, and no further
difficulty was encountered in either vibration or acceleration tests.

The payload was then vibrated at 16 g between 220 and 260 cps for
1 mimute.

Similar tests Qere then performed laterally, Double amplitude
between 20 and 100 cps was 0,01 inch, the intensity between 100 and
2,000 cps was 7 g, and intensity between 220 and 260 cps was 9 g. Vibra-
tion intensity versus frequency is shown in figure 15 and 16 for longi-
tudinal and lateral vibration, respectively., Both test conditions and
DML, missile flight data (reference 32) are shown,

No evidence of damage or loosening of parts was found at the
compietion of the vibration tests.

d. Acceleration

The payload was subjected to lateral and then forward accelera-
tion in a centrifuge. Maximum speed during lateral acceleration was

70.7 rpm. The paylcad center of gravity was 74.2 inches from the
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center of rotevi.i. with 1@ ovuter edges at 65.5 and 82,9 inches.
Calz:la’ed zcceleratien & the CG was 10,5 g, with 9,3 and 11.8 g

ut the edges.

Maxivum speed dur ' ng forward acceleration vas 23¢.3 rpm. The
Ck wan 1.0 Iincher i'rom T e center of rotation, with the forward end
whes wnG the 2@ end at 65.5 inches. Calculated accelera-
vien at the CG war 81.0 &, with 53.6 g at the forward end and 111.5 g
&t rhe sfr end,
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No avidence o 4.1wgc or permanent deformation was-feund—at—-
thz completion oi' the ac. leration tests,
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SECTION VIII
FLOW TESTING

Flow testing consisted of measuring the air flow rate intercepted
by the payload inlet and the air flow rate intake efficiency under
simulated flight conditions. The tests were performed in the 16~

foot supersonic tunnel (16S) at Arnold Engineering Development Center
(AEDC) by ARO, Inc.

a., Test Procedure

A payload for ALARR was instrumented to measure pressure
and temperature forward and aft of the basket. Th: wind tunnel was
instrumented to measure flow conditions in the tunnel. The payload
was placed in the tunnel, and flow conditions at several altitudes
and Mach numbers were simulated. Flow rate through the inlet was
determined by using the basket itself as a meter. Flow rate through
the basket, which is equal to flow rate through the inlet, can be
determined from the basket area and the upatream and downstream
pressures and temperatures from the data in reference 28 - specifically,
figure 45, which plois a modified pressure drop versus a modified flow
rate, Flow rate intercepted by the payload inlet was determined from
tunnel flow rate and inlet area. The ratio of flow through the inlet
to flow intercepted by the inlet was defined as flow intake efficiency
and is the parameter of interest at each altitude and Mach number,
Details of the test procedures are in reference 34.

b, Test Rlesults

Test results were reported in references 33, 34, 35, and 36.
References 33 and 35 are preliminary, unchecked data from the two test
series, and reference 34 is the final report based on the data contained
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in reference 33. Flow rates were incorrect in reference 33, but

were corrected in reference 36. Since no final report is forthcoming
on the second test series, the preliminery unchecked data in reference
35 are assumed valid for the second test series.

Test results from the first series showed:

(1) Both the cylinder-plate and cylinder-cone basket configura-
tions are structurally acceptable.

(2) The ¢ylinder-plate configuration has a higher flow intake
efficiency,

(3) Maximum flow intake efficiency is achileved at maximum
exit area (existing configuration) down to aporoximately half of the
meximum exit area, with the tendency te buzz about the same over this
range,

The cylinder-plate basket configuration with maximum exit area
was therefore selected for the final configuration. Table V compares
flow intake efficiency of the final configuration with the cylinder-
cone configuration for the only two cylinder-cone conflguration points
with maximum exit area. At smaller exit areas the efficiencies are

about the same.

During the seoond test series, sr-sral internal modifications
were made by ARO, Inc., They were edding inlet reke, adding another
basket screen, increasing the splitter plate erea, and some combinations
of the above. They all reduced flow intake efficiency; therefore, they
are not considered either desiralle modificetions or conditions yielding
valid data points, Valid data points from both test series are shown
in figure 17, along with theoretical flow intske efficiency curves.

Because of the limited number of points, no meaningfl curves
could be drawn through the points. For six points (noted in figure),
data at angles of attack up to 5¢ were obtained. No change in flow

efficiency occurred between 0° and 50 angle of attack.
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FLOW INTAKE EFFICIENCY COMPARISON

R

\

TABLE V

Test 1

BASKET CONFIGURATION

CYLINDER~CONE

CLYINDER~PLATE

Altitude (f£t) 70,200 70,000

Mach Number 2,199 2,195

Bagket Flow (lb/sec) 0.89 1.34

Irn:cake Flow (1b/sec) 1.91 1.91

Flow Intake #fficiency 0.47 0.70
Test 2

BASKET CONFIGURATION

CYLINDER-CONE

CYLINDER-PLATE

Altitude (ft)

Mach Number

Basket Flow (1b/sec)
Intake Flow (1lb/sec)
Flow Intake Efficiency

70,800
1.700
0.62
1.36
0.46

70,600
1,700
0.84
1.35
0.62

Maximum Exit Area
Zero Angle of Attack
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SECTION IX
FUNCTIONAL TEST. NG

1. Nose Tip

The nose tip explosive actuator was mounted in a load tessting
machine and init:zted. The actuator produced an average thrust of
2,680 pounds over a 1.50-inch stroke, or an energy output of 4,020
inch-pounds. Minimum requirements were 800 pounds thrust and 4,000

inch-pounds ensrgy output. The complete nose tip was ejected success-
fully during flov testing at AEDC. The complete nose tip was again

ejected successf 1lly during the flight test on the ALARR vehicle.
2. Bapd

The band was ejected successfully during flow testing at AEDC
and again during the flight test.

3. Door

The door in the inlet was tested repestedly for proper closing

by releasing it manually. The door closed properly during the
flight test.

4. ALt Plate

The aft plate was tested repeatedly for proper closing by releasing
it mamally. The payload was too badly damaged in the flight test to
determine how the aft plate operated.

5. Eleectrical Circuit

The batteries, heater, and fuses were mounted on the channel that
is part of the aft assembly. This unit was cooled with dry ice, and
the temperature was held at -65°F or less. Quick acting fuses with
firing characteristics similar to the squibs dsed in the payload weres
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used to simulate the squibs. A mamual switch was used in place of

the timer in the payload. First, the nose tip and band circuits

were actuated by means of the switch. Both fuses (simulating the
squibs) blew. Next, these two circuits were then shorted to similate
shorting of the circuits during actual firirng, although the possibility
of shorting is very remote. The two protective fuses in the electrical
circuit blew. Finally, the door and aft plate circuits weie actuated,

and both fuses (simulating the squibs) blew.

These tests showed that (1) urder the worst conditions of tempera-
ture &d vattery drain, all squibs could still be fired, and (2) the
fuses protected the baiteries from excessive drain even in case of a
dead short.
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SECTION X ' .

CONCLUSIONS AND RECOMMENDATIONS

Mechanically, eleztrically, and structurally, the payload for
ALARR meets all of the specifications. However, flow intake efficiency

is not as great as predicted lheoretically. Recommendatiens for improve-
ment of the payload are:

a. Flow test the unit at additional simulated altitudes and Mach

numbers so flow intake efficiency can bs calibrated over a greater part
of the flight operating range.

b. Perform flow tests to determine pressure losses in each part
of the unit (inlet, diffuser, basket, and outlet).

c. Investigate methods of reducing pressure losses and increasing
flow intake efficiency.

d. Perform flow tests on unit, incorporating improvements to
increase flow intake efficiency. °
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SECTION XI

FUTURE PLANS

Several new inlet configurations are being designed by the
Flight Dynamics Laboratory, Wright-Patterson AFB, Ohio., Wind tunnel
tests of an Aerolab payload with these various inlets are planned
for April 1966; however, these changes will not be incorporated in
the four existing payloads. Flight test of the existing Aerolab
payloads are scheduled to begin in September 1966.
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SECTION XI

FUTURE PLANS

Two versions of a raplacement sampler for the Aerolab payload have
been designed by Professor Hal Larsen, head of the Aeronautical Engineering
Department of the Air Force Institute of Techno.ogy (AFIT), with the
assistance of his students and staff. The most promising version employs
a spike, similar to those commonly employed in ramjet applications, and a
supersonic diffuser which permits maximum pressure recovery. Theoretical
calculations indicate that it is capable of "isokinetic" sampling up to
150,000 feet with the mach number equal to or greater than 1.75. Higher
altitudes are, of course, possible at higher mach numbers. This device
will require 1/4 basis weight IPC filter paper above about 125,030 feet.
The second version coasists of a supersoaic inlet and a subsonic diffuser,
both designed tc permit maximum _ressure recovery. Theoretical calceulations
indicate that it is capable of "isctinetic' sampling up to about 125,000
feet with the mach number equal tn or greater than 2.0. This will require
1/4 basis weight IPC filter paper above 110,000 feet.

Wind tunnel tests of these bayloads are planned to begin in April 1966
at the Arnold Engineering Development Center (AEDC). The models for these
tests are currently being built by AFIT, under the supervision of Professor

Larsen who will be in charge of the tests.

Assuming satisfactory wind tunnel test results, a contractor will be
selected tc construct flight test versions of the most promising con-
figuration and Professor Larsen will act as a consultant during this and
the ensuing flight tests, pending further approval. Assuming satisfactory
fiight test. results, this device will be phased in as 2 replacement for
the Aerolab payload.
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